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[57] ABSTRACT 

A structure and process for forming a contact to a semicon- 
ductor substrate on a semiconductor device comprises the 
step of forming a patterned mask over a semiconductor 
substrate and over a field oxide region, then etching the 
semiconductor substrate and the field oxide region to form 
a trench. The trench comprises a bottom and a first sidewall 
consisting of silicon and a second sidewall comprising field 
oxide. The etching step removes a part of a doped region in 
the substrate. Next, a blanket nitride layer and a blanket 
oxide layer is formed over the substrate, and a spacer etch 
is performed on the nitride and oxide layer leaving nitride 
and oxide over the first and second sidewaUs. The trench 
bottom is oxidized to form a layer of oxide over the bottom 
of the trench thereby insulating the trench bottom, and the 
oxide encroaches under the nitride and oxide on the side- 
walls to join with the field oxide. The nitride and oxide is 
removed from the sidewalk, and a conductive layer is 
formed over the exposed trench sidewalls, the trench bottom 
being insulated from the conductive layer by the oxide layer 
over the bottom of the trench. The oxide on the bottom of the 
trench contacts the field oxide. The contact is isolated from 
the substrate along the trench bottom and the second 
sidewall, making contact with the substrate only in the area 
of the first sidewall. 

16 Clahns, 4 Drawing Sheets 
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METHOD FOR FORMING A and over a field oxide region, and etching the semiconductor 

SEMICONDUCTOR DEVICE CONTACT substrate and the field oxide region to form a trench therein. 

STRUCTURE COMPRISING A CONTOUR The trench comprises a boltom and a first sidewall consist- 
ing of silicon and a second sidewall comprising field oxide. 
This is a division of application Ser. No. 08/604,006, 5 A protective layer is formed over the first and second 

filed Feb. 20, 1996 and issued Feb. 17, 1998 as U.S. Pat. No. sidewalls. The trench bottom is oxidized to form a layer of 

5,719,418, which was a division of application Ser. No. oxide over the boltom of the trench, thereby insulating the 

08/209,584,filedMar. 11,1994, issued Feb. 20, 1996 as U.S. trench bottom, the layer of oxide contacting the second 

Pat. No. 5.492.853. sidewaU. 

CTCT n nx: Tijx: ivrv/cKmnM Ncxt, the protective layer is removed from the trench 

FIELD OF THE INVENTION sidewaUs, and the trench sidewalls are exposed. A conduc- 

This invention relates to the field of semiconductor tive layer is formed over the exposed trench sidewalls, the 

manufacture, and more particularly to the formation of a trench bottom being insulated from the conductive layer by 

contact to a semiconductor substrate. the oxide on the trench bottom. 

_ Objects and advantages will become apparent to those 

BACKGROUND OF THE INVENTION .^y^ j„ from tte foUowing detafled description read 

Many types of semiconductor devices such as in conjunction with the appended claims and the drawings 

microprocessors, and memories such as dynamic random attached hereto, 
access memories (DRAMs), static rams (SRAMs), and 

programmable read only memories (PROMs) are formed in BRIEF DESCRIPTION OF THE DRAWINGS 

much the same way. Layers of oxide nitride and polycrys- j ^ cross-section showing a first step to manufac- 

talhne sihcon (polysilicon or po y) are formed over a ^ conventional contact; 

substrate such as monocrystallme silicon or gallium arsenide ^ . l , ^r^^, 

to form field and gate oxide, capacitor cell plates, word and J^^' ^ \^ cross-section showmg the structure of FIG. 1 

digit lines, and various other structures. ^ a° ^'^^ °f * conductive layer; 

One strucuire commonly formed during the manufacture F^G. 3 is a cross-section of a first step of one embodiment 

of a semiconductor device such as a DRAM is a buried invention to produce an inventive contact; 

contact to a highly doped source (drain) area of the substrate FIG. 4 shows the FIG. 3 structure after the addition of an 
such as that in FIGS. 1 and 2. FIG. 1 is a cross-section 3^ oxide layer and a nitride layer; 

showing a semiconductor substrate 10 doped to a P- con- FIG. 5 shows the in process structure of FIG, 4 after an 

ductivity and a region of field oxide 12 overlying the etchof the oxide and nitride layers and an oxidization of the 

substrate 10. An insulation layer 14 such as tetraethyl exposed substrate; 

orthosilicate (TEOS) or other insulator surrounds a transistor p^j 5 g^ows the FIG. 5 structure after the sidewalls have 
gate 16, manufactured from a material such as doped poly- 3^ 1,^^^ exposed and after the formation of a storage cell; 

crystalHne silicon (poly). A mask 18 over the substrate 10 pj^ ^ ^ ^.^^ ^ ^^^^^^ 

defines the etch area by proiectug some regions while . *^ 

leaving other regions exposed. The P- substrate as shown I' sho^'d emphasized that the drawings herein are not 

has been lightly doped to form an N- active area 20 therein. ^ sc^'e but are merely schematic representations and are not 
lb form the contact, an anisotropic (vertical) etch, for ^ intended to portray the specific parameters or the structural 
example, is performed on the FIG. 1 structure to remove the *° details of the invention, which can be determined by one of 

exposed material down the substrate. The mask is removed, ^ "le art by examination of the information herem. 

and a layer of contact material 22, for example doped or DETAILED DESCRIFnON OF THE 

undoped poly, is formed over the substrate 10 to make iNVFronON 

contact with the substrate in the contact region as shown in iNVbN 11 

FIG. 2. An insulation layer (not shown) such as oxide or ctae embodiment of the inventive process to form a 

nitride and another conductive layer (not shown) can be semiconductor device is shown in FIGS. 3-7. The starting 

formed over the first poly layer to form a storage cell having structure of FIG. 1 is formed according to means known in 

first and second capacitor cell plates and a buried contact the art. This stmcture comprises a semiconductor substrate 

according to means known in the art. lo having a field oxide layer 12, a transistor gate 16, for 

A transistor formed in this manner is known to have example comprising doped polycrystalline silicon, and an 

associated problems. For example, the charge can leak from insulating layer 14 formed thereover. A patterned mask 18, 

the storage cell to the substrate through the buried contact for example photoresist, is formed over the semiconductor 

junction which requires a frequent charge refresh to retain a substrate 10 and over a field oxide region 12. A doped area 
correct data bit in the cell. This charge leakage problem is 55 20 within the substrate 10 forms part of an active area, a 

often associated with the electrical field across the junction, portion to which contact is to be made, 

which depends on the doping profile near the junction. The ^qxX, as shown in FIG. 3, an anisotropic etch is performed 

cell leakage characteristic is thermal cycle sensitive, and any ^hj^h removes the exposed oxide 14, the exposed field 

subsequent thermal cycle during processing can change the oxide 12, and a portion of the exposed substrate 10. This 

cell leakage characteristic. etch forms in the substrate 10 and the field oxide 12 a trench, 

Amethodofcontact formation, and the structure resulting the trench having a bottom 30 and a first sidewall 32 

therefrom, which has fewer problems from diffusion and consisting of silicon and a second sidewall 34 consisting of 

leakage would be desirable. field oxide 12. The trench can be from about 100 A to about 

^wT^«, . ,^r,^^t^.^^r 3000 A deep, although other Urench depths may function 

SUMMARY OF THE INVENTION ^j^^^,„y a^peoding on the design of the ceU and the depth 

A process for forming a semiconductor device comprises of the diffusion layer. The etch of the substrate 10 removes 

forming a patterned mask over a semiconductor substrate a portion of the doped region 20 in the substrate 10 which 
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is not covered by the mask, but stops so that the bottom 30 the substrate. The second sidewall, therefore, may comprise 

of the trench is above a bottom 36 of the field oxide 12. That both field oxide and silicon. The trench bottom may be 

is, the level of the trench bottom is below the bottom of the above the bottom of the field oxide, or the trench bottom 

doped region in the substrate, but is above the lowest point might extend to a level below the bottom of the field oxide, 
of the field oxide. A thin blanket layer of oxide 40 is then 5 If this occurs, encroachment during oxidization of the trench 

thermally grown over the substrate 10, and a blanket layer bottom must oxidize the silicon portion of the sidewall to 

of protective material 42 such as nitride is formed over the join with the field oxide. This alternate embodiment is 

blanket oxide layer 40. The oxide layer 40 repairs damage therefore equivalent to the first, and a similar functioning 

imparted to the first sidewall 32 during the trench etch, and structure remains after this alternate process embodiment, 

reduces stress to the sidewall during the subsequent oxida- The inventive structure resulting from the inventive pxo- 

tion on the bottom of the trench. The protective layer reduces cess comprises a substrate trench having a bottom and a first 

the formation of oxide thereunder. In some cases, the oxide sidewall integral to the bottom. The bottom and first sidewall 

layer 40 may be omitted if trench damage is not a concern. consist of silicon. A second sidewall opposite the first 

With die inclusion of the oxide layer 40, the structure of FIG. sidewall is also integral to the bottom , and consists of oxide, 

4 results. is shown as field oxide. The doped region in the 

An anisotropic etch such as a spacer etch is performed. substrate is at the first sidewall as shown in FIG. 6. An oxide 

The etch resuhs in an oxide layer 50 and a protective layer ^^y^^ «>vers the bottom and contacts the oxide of the second 

52 formed over the trench sidewalls 32^4, and at least a sidewaU. The conductive layer is formed over the first and 

portion of the trench bottom is left exposed. A layer of oxide second sidewalls and the bottom and is insulated from the 

54 is formed over the bottom of the trench by oxidizing the ^^^^ lay«f covering the bottom. The con- 

trench bottom, thereby insulating the trench bottom. The ^^ctive layer makes electrical contact with the substrate at 

spacer etch and oxidizing the trench bottom results in the ^^e first sidewall, and further is insulated from the bottom by 

strucuire of FIG. 5. The oxide 54 on the bottom of the Uench *e oxide layer covenng the bottom, 

must be thick enough to insulate the trench bottom after As described previously, the trench bottom is at a level 

removal of the protective layer 52 and the oxide 50 from the ^^^^"^ ^ bottom of the doped region in the first sidewall and 

sidewalls in a subsequent step, which may also remove a ^ above a lowest point of the field oxide. As shown, the 

portion of the oxide 54 from the trench bottom. As the conductive layer contacts the doped region only at the first 

bottom of the trench is oxidized, the oxide encroaches under sidewall . 

the protective layer 52 and the oxide 50 on the sidewalls, and While this invention has been described with reference to 
joins with the field oxide 12 thereby insulating the trench on 3Q illustrative embodiments to foran a buried contact during 

the side of the field oxide. dynamic random access formation, this description is not 

Next, the protective 52 and the oxide 50 layers which meant to be construed in a limiting sense. Various modifi- 

cover the sidewalls 3234 are removed from the trench cations of the illustrative embodiments, as well as additional 

silicon sidewall 32, for example by an isotropic etch such as embodiments of the invention, will be apparent to persons 
a wet etch, thereby exposing the silicon sidewall 32 for 35 skilled in the art upon reference to this description. For 

electrical conduction between a storage cell and the diffii- example, the contact as described would function with any 

sion region 20 below the gate 16, This removal step also number of structures. The contact formation between the 

removes a portion of the insulation 54 on the trench bottom, transistor gate and the field oxide is for illustration only. A 

and therefore the insulation on the trench bottom must be contact formed from a conductive layer to the substrate 
thick enough to withstand the etch. Any thickness of oxide 40 between two transistor gates, or at any other location on a 

54 which provides adequate protection from leakage of the semiconductor surface, is within the scope of the invention 

charge from the storage cell to the substrate would be as claimed. It is therefore contemplated that the appended 

suflBcient, for example 50 A or thicker. A conductive layer claims wiU cover any such modifications or embodiments as 

60, for example of doped polycrystalline silicon, is then fall within the true scope of the invention, 
formed over the exposed trench sidewalls. The trench bot- 45 What is claimed is: 

tom is insulated from the conductive layer by the oxide layer 1- A method for forming a semiconductor device corn- 
formed over the trench bottom as shown in FIG. 6. FIG. 6 prising the foUowing steps: 

shows the addition of an insulation layer 62 and another forming a substrate assembly contour having a bottom 

conductive layer 64, thereby forming two insulated capaci- and a first sidewall portion intersecting said bottom, 

tor storage cell plates. 50 said bottom and said first sidewall portion comprising 

The joining of the oxide 54 over the bottom of the trench silicon; 

and the field oxide 12 prevents the conductive material 60 forming a second sidewall portion comprising a first oxide 

from making contact with the substrate 10 on the field oxide layer; 

side 34 of the trench and therefore reduces the problems forming a protective layer over said second sidewall 

associated with junction isolation. Contact between the 55 portion; and 

substrate and the conductive layer is made primarily through forming a second oxide layer overlying said bottom and 

the sidewall 32 on the gate side. With the removal of the encroaching under said protective layer and contacting 

portion of the doped active area by the etching of the said first oxide layer. 

substrate to form the trench, the area along which leakage 2. The method of claim 1 further comprising the step of 
can occur is greatly reduced. In addition, the oxide 54 acts 60 forming said protective layer over said first sidewall portion 

as a difi^usion barrier. Diffusion can occur, however, from the wherein said second oxide layer encroaches under said 

poly of the storage cell to the substrate to result in a portion protective layer formed over said first sidewall portion and 

of the P- substrate becoming N-, thereby changing the shape contacts said silicon. 

of the N- area 66 and improving the electrical characteristics 3, The method of claim 2 wherein said step of forming 
of the cell. FIG. 7 shows a plan view of the FIG. 6 structure. 65 said protective layer comprises forming a nitride layer. 

During the substrate etch step, the etch may remove all the 4. The method of claim 2 further comprising the step of 

field oxide not covered by the mask, and begin etching into forming a third oxide layer subsequent to said step of 
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forming said first sidewall portion and prior to said step of 
forming said protective layer over said first sidewall portion. 

5. The method of claim 2 wherein said step of forming 
said first oxide layer comprises forming field oxide. 

6. The method of claim 1 fiirther comprising the step of 5 
forming a third oxide layer prior to said step of forming said 
protective layer and subsequent to said step of forming said 
second sidewall portion wherein said second oxide layer is 
formed substantially thicker than said third oxide layer. 

7. The method of claim 1 wherein said step of forming lO 
said first oxide layer comprises the step of forming field 
oxide and wherein said step of forming said protective layer 
comprises the step of contacting said field oxide with said 
protective layer. 

8. A method for forming a semiconductor device com- is 
prising the following steps: 

providing a semiconductor substrate assembly comprising 
a silicon layer and a field oxide layer, 

forming a trench in said semiconductor substrate 
assembly, said trench comprising a bottom, a first 
sidewall comprising said silicon layer and a second 
sidewall comprising said field oxide layer; 

forming an oxidation-resistant layer overlying said first 
and second sidewalls; and ^5 

subsequent to said step of forming said oxidation-resistant 
layer, oxidizing said trench bottom to form a trench 
bottom oxide layer, wherein said trench bottom oxide 
layer contacts said field oxide layer physically. 

9. The method of claim 8 further comprising the step of 30 
forming an oxide layer over said first sidewall subsequent to 
said step of forming said sidewalls and prior to said step of 
forming said oxidation-resistant layer. 

10. The method of claim 8 wherein said step of forming 
said trench in said semiconductor substrate assembly further 35 
comprises etching a semiconductor wafer to expose a sub- 
stantially vertical surface to form said first sidewall. 

11. The method of claim 8 wherein the step of forming a 
trench in said semiconductor substrate assembly forms said 
trench bottom at a level above a bottom of said field oxide 
layer. 



6 

12. The method of claim 8 further comprising the step of 
oxidizing said trench bottom such that said trench bottom 

oxide layer encroaches under said oxidation-resistant layer 
to contact said field oxide during said step of oxidizing said 
trench bottom. 

13. A method for forming a semiconductor device com- 
prising the following steps: 

providing a semiconductor substrate assembly comprising 
a silicon layer and a field oxide layer; 

forming a trench in said semiconductor substrate 
assembly, said trench comprising a bottom, a first 
sidewall comprising said silicon layer and a second 
sidewall comprising said field oxide layer; 

forming an oxidation-resistant layer overlying said first 
and second sidewalls; 

subsequent to said step of forming said oxidation-resistant 
layer, oxidizing said trench bottom to form a trench 
bottom oxide layer, wherein said trench bottom oxide 
layer is separated firom said field oxide by a portion of 
said silicon layer; 

subsequent to said step of oxidizing said trench bottom, 
removing said oxidation-resistant layer; and 

subsequent to said step of removing said oxidation- 
resistant layer, oxidizing said portion of said silicon 
layer which separates said trench bottom oxide layer 
from said field oxide, 

14. The method of claim 13 further comprising the step of 
forming an oxide layer over said first sidewall subsequent to 
said step of forming said sidewalls and prior to said step of 
forming said oxidation-resistant layer. 

15. The method of claim 13 wherein the step of forming 
said trench in said semiconductor substrate assembly forms 
said trench bottom at a level above a bottom of said field 
oxide. 

16. The method of claim 13 further comprising the step of 
oxidizing said trench bottom such that said trench bottom 
oxide layer encroaches under said oxidation-resistant layer. 

* * * * 
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